Abstract The practice of spinal immobilization has existed since the 1960s under the premise that trauma victims with cervical spine injuries may suffer neurologic injury if moved without stabilization consisting of a rigid cervical collar and long spine board. Because of this assumption, it is of particular importance to assess for movement of the cervical spine with and without spinal immobilization. Over time, the on-field management of athletes with a mechanism consistent with spinal cord injury (SCI) has evolved and produced protocols that can be considered standard of care. Attempts to find evidencebased research to verify the necessity of a rigid collar and long spine board as the only option in athletic medicine for suspected SCI is difficult. As changes occur in the Emergency Medical Services standards, there will be opportunities to see how their processes relate to athletes and the rationale for immobilization on the field of play. Going forward, there could very well be a significant change in the approach to and management of the athlete down on the field of play with a suspected spinal cord injury.
Introduction
Although it is difficult to substantiate in the literature, the assumption is that Emergency Medical Services (EMS) and Advanced Trauma Life Support (ATLS) have been the key drivers in the on-field management of athletes with suspected spinal trauma. Understandably, they have been used as the gold standard of evaluation and management in the prehospital setting in the United States (US). Many studies have attempted to assess movement of the cervical spine during immobilization, during helmet removal, and during movement of the athlete onto a spine board [1••, 2••, [3] [4] [5] [6] [7] . The emergency medicine community has taken a critical look at the rationale for routine immobilization of the trauma patient without considering specific mechanisms of injury and patient symptoms [8••, 9•, 10•] . A number of EMS agencies are changing their approach to the trauma patient and there needs to be a question as to how that will change the treatment of the athlete on the field of play. The National Athletic Trainers' Association (NATA) recently published a statement on these EMS changes and the potential impact in athletic medicine [11••] .
Currently, the medical personnel providing coverage at sporting events in the US varies from youth sports to high school, college, and professional staffing models. Youth sports and some high schools may not have athletic trainers (ATCs) or EMS coverage at events, even the highest risk sports like football and hockey. Some states have enacted laws requiring athletic trainers at high school football games and many high schools have EMS coverage at football games only. All 4 major US professional leagues have ATCs, team physicians, and EMS coverage required at their games. The overwhelming majority of colleges have the same coverage, at least for football. Medical coverage at practices also may vary in personnel at each level as 1 high school ATC may be covering 4-5 practices at the same time. This variability in coverage and utilization of EMS can lead to mismanagement of injuries if the issues are not clearly addressed in a unified approach by all stakeholders in the arena of sports medicine and emergency care [12•] .
The NATA has a long history of evaluating the up to date literature and releasing position statements on the management of athletes with suspected spinal trauma [2••, 11••, 13•] . Their recently released statement on the changes in EMS protocols could result in a significant change to the approach of the athlete with suspected spinal trauma [11••] . Most medical personnel participating in team coverage follow those guidelines. At the highest levels of competition, athletic trainers, team physicians, and EMS professionals form a unified triad and work together as a team in the on-field management of the athlete with suspected spinal trauma. The preparation for this incident should be clearly defined in the written Emergency Action Plan (EAP) [14•] . Specific roles for each member of the medical team are delineated and this should be practiced at least once a year with all members of the medical team in attendance and working together to practice immobilizing a patient. As the changes in the EMS approach to the suspected spinal trauma patient evolve, it is imperative that everyone involved in the emergency care of the athlete understand the science and rationale for change.
Historical perspective
Spinal immobilization became standard practice before it was formally studied [15••] . In 1967, at the annual session for the American Association for the Surgery of Trauma, backboards were advocated for their use in the extraction of accident victims [16] . Spinal immobilization gained further attention after Bohlman reported on 300 cases of cervical spine injuries from 1950 through 1972, where he concluded that there was spinal deterioration in some patients after neck immobilization was not provided [17] . Later studies also demonstrated that there was a significant increase in the number of traumatized patients being admitted with preserved neurologic function after more widespread use of pre-hospital spinal immobilization [18] . More recent reviews, however, have failed to demonstrate any new reported cases of spinal cord injury in the course of normal patient handling, leading to the conclusion that many of the earlier reports were more anecdotal [19•, 20] .
In the years after Bohlman's paper, spinal immobilization became the standard of care. Beginning in 1971, the American Academy of Orthopedic Surgeons recommended spinal immobilization for patients with symptoms and physical findings of potential spinal cord injury [20] . In the next 2 decades, though, there was a shift from providing spinal immobilization in the pre-hospital setting based on a clinical evaluation to providing immobilization based on the mechanism of injury [20, 15••] . Since then, however, the pendulum started swinging back toward the use of clinical criteria based on a patient's symptoms and physical examination with continued consideration of the mechanism of injury [20] [21] [22] [23] . Today, members of the team medical staff still immobilize the spine as a standard of care, but there is more focus on whether or not to immobilize the spine due to the potential complications associated with it [24, 25] .
The rationale for spinal immobilization is not based on any randomized trials, but based on anatomic and mechanical considerations. An older Cochrane review does state that there is insufficient evidence for spinal immobilization and the American Association of Neurological Surgeons also state that there is no Class I or II evidence that recommend any current guidelines [26••, 27•] . However, the EMS and ATLS guidelines still support spinal immobilization for patients with suspected spinal cord or vertebral injury, however [23, 28] . A rigid spine board and cervical collar are the currently recommended devices to immobilize the spine until spinal injury can be excluded [23] .
Most of these recommendations have been based on accident victims, without a specific focus on the athletic population. Athletes have inherent circumstances specific to them. Athletic equipment removal has been a source of controversy while trying to provide spinal immobilization. Also, athletes and providers alike need more information about return to play. In 1998, the National Athletic Trainers' Association formed an inter-association task force to develop guidelines for the care of athletes with suspected spinal cord injuries. Until that time, there was no clear consensus on the care of injured athletes. This article also acknowledged the circumstances specific to athletics including equipment removal, injuries and possible mechanisms, as well as return to play criteria [13•] . Since that time, there has been a lot of focus on spinal cord injury and spinal immobilization in the athlete.
Current recommendations
The current approach to the athlete down on the field of play is to assume spinal cord injury until proven otherwise. If mechanism of injury is observed by a member of the medical staff consistent with the potential for spinal trauma, then the initial approach is to stabilize the head and spine on arrival to the patient. If the player obviously exhibits a decreased level of consciousness, has a complaint of neck pain, is tender in the cervical spine with palpation or has any evidence of neurologic compromise including complaints of peripheral paresthesia, numbness, weakness, or radicular pain then the decision to immobilize the patient should proceed. The initial approach to stabilize the head with 1 member of the team should be defined in the Emergency Action Plan so there is no confusion in the role of each individual on the medical team [14•] . At this point, a more detailed physical exam should be undertaken to evaluate the neurologic status of the patient/ athlete.
The decision to immobilize or not immobilize the athlete is typically made by the highest level and/or most appropriate provider evaluating the patient-physician, athletic trainer, or paramedic/EMT. When multiple providers are present, the decision maker should be designated in advance. This should be clearly spelled out in the EAP so there is no disagreement among providers on the field of play. Once the decision to immobilize is made, the team designated to undertake this procedure is activated as part of the EAP. Practice of the EAP and spinal immobilization should be undertaken in the preseason so the plan will flow smoothly if activated in practice or a game day scenario. The acceptable procedures include log rolling a prone athlete, log roll for a supine athlete, lift and slide of a supine athlete, and a 6+ person lift for a supine athlete [29] . It is recommended that at least 3 rescuers and preferably 5-6 are available to log roll the player and that at least 5 rescuers and preferably 6 are available for the lift-andslide procedure.
The medical team member designated to be at the head will control c-spine stabilization and will be in charge of voicing commands in the log roll or lift-and-slide maneuvers and long spine board immobilization. Once the athlete is in the proper position on the long spine board, the patient's torso and legs should be secured with spider straps or speed clips (if speed clips, then 7 straps are recommended: 2 should go across the chest from shoulder to opposite axilla, one should go across chest under axilla, 1 should go across the abdomen, 1 should go across the pelvis, 1 should go across the mid thighs and 1 should go across the mid tibias). The athlete's arms should be left free from straps in order to facilitate vital sign monitoring and IV access as needed. The athlete's wrists should be secured in front of the body with a Velcro strap or tape once the patient is secured to the long-spine board. After the torso and legs are secured, the helmet/head should be secured last. If necessary, padding can be placed under the athlete's head to fill in any voids and maintain a neutral in-line spinal position. The head should be stabilized with lateral restraint pads and afterwards secured to the long-spine board with tape over the forehead and at the chin. After the athlete has been properly secured to the long-spine board, the neurologic status should be thoroughly reassessed.
To reiterate, the decision as to which procedure should be utilized needs to be decided and practiced in the preseason EAP scenario session. All helmeted athletes should have the facemask removed for unencumbered access to the airway. Most providers still follow the recommendation for athletes with both helmet and shoulder pads to leave them on during spinal immobilization to keep the spine in a neutral position. If the expertise exists and with a thorough understanding of the correct procedure, it is acceptable to remove both helmet and shoulder pads on the field of play prior to immobilization. The time spent immobilized on the spine board directly correlates with complications such as skin breakdown, pressure sores, aspiration pneumonia, and possibly increased intracranial pressure [30, 31•] . This stands to remind us that spinal immobilization is a procedure not without significant morbidity, and one which must be evaluated to make sure it is necessary.
If EMS is on scene when the injury occurs, they are a very important part of the medical team in the care of the athlete. Without on-site EMS, a 911 call should be initiated as soon as the decision is made to immobilize the athlete. If integrated as part of the team, they can help with lifting and can also provide airway expertise in the event of respiratory compromise, which can be seen with high cervical spine injury and also with concomitant spinal cord injury and concussion. In the event of an airway emergency, it is not recommended to proceed with helmet removal as it is more time consuming and the provider should immediately remove the facemask [31•, 32••]. With the changes in EMS protocols on spinal trauma, this makes it even more important to practice the EAP in the preseason with EMS personnel. While they can lend knowledge and experience in this setting, the athlete is best known by team physicians and ATCs, so they should take the lead role in managing the athlete with suspected spinal cord injury. Many emergency departments do not have expertise in helmet and shoulder pad removal prior to imaging, so it is recommended that if a member of the medical staff is available, they should accompany the athlete to help with this process at the institution.
Although the number of catastrophic cervical spine injuries in sports is decreasing, the recommended destination for transport of an athlete that has been immobilized should be to the nearest APPROPRIATE facility [32••] . Sports related spinal cord injury constitutes 8.9% of the total cases [33] . If a Level I Trauma Center is available, that institution should be the primary receiving facility in the EAP for the patient with a suspected spinal cord injury. Exceptions to this recommendation would include: no designated trauma center, unstable airway that would dictate going to the nearest Emergency Department (ED), and a hospital that has a center of excellence in the treatment of patients with spinal cord injury. Again, this receiving facility should be clearly designated in the EAP and there should be a specific receiving physician that can care for the athlete with the ability to perform rapid surgical decompression if appropriate. There have been a number of treatments researched in the literature for care of the athlete with spinal cord injury (steroids, cold intravenous fluids) but the definitive procedure of decompression has shown to produce the best outcomes [34] . The amount of time to get the patient in the operating room is a critical predictor of a successful outcome and needs to be an area of focus in this specific scenario for the athlete.
Future considerations
There is currently ongoing significant change to protocols of Emergency Medical Response Services in some parts of the country [11••] . The change affects how EMS will be transporting patients to the Emergency Department. In many cases of suspected spine injury, EMS might not recommend immobilizing a patient to a spine board for transport. Rather, patients may be transported with a cervical collar only and secured directly to the stretcher for transport. These recent developments have placed new emphasis on considerations for the possibility of removing football equipment on the field of play with suspected head and/or spine Injuries [35••] . Although every athletic injury situation may not be appropriate, based upon individual circumstances, there are times when the athlete may be best treated by on-site equipment removal. Thus, it is critically important to review and rehearse appropriate techniques. Rationale for consideration of equipment removal in the field is based upon 4 concepts: Consideration should be given to the possibility of equipment removal on site prior to transport, where more rescuers familiar with equipment removal may be available vs the emergency facility and the athlete may be better immobilized without equipment as a barrier. Removal of helmet and shoulder pads on site is appropriate when:
& The helmet is not properly fitted to prevent movement of the head independent of the helmet; & the equipment prevents neutral alignment of the cervical spine; & the equipment prevents airway or chest access; or & the trained rescuers on site feel, based upon the individual circumstances, on site equipment removal is indicated.
The following general principles should be applied when helmet and shoulder pad removal are decided to be the most appropriate course of action: If the helmet is removed, spinal immobilization must be maintained while removing. Dependent upon the type of football helmet worn, it may be appropriate to remove cheek padding and/or deflate air padding prior to helmet removal. Shoulder pads do not necessarily have to be removed on site. The front of the shoulder pads can be opened to allow access for CPR and defibrillation. Should either the helmet or shoulder pads be removed-or if only 1 of these is presentappropriate spinal alignment must be maintained. A recent study evaluates the pack and fill protocol as another technique that may be considered. [1••] .
Conclusions
More research, along with educational initiatives, is needed in the area of emergency care, particularly related to equipment intensive sports, from both a clinical practice perspective and an athletic specific research initiative. Sports medicine utilizes the team concept, with health care professionals working together. By facilitating communication and education among athletic trainers, paramedics, emergency physicians, and team physicians, we will ultimately improve patient care in this critical setting. It is recommended that athletic health care providers conduct a "Time-Out" before athletic events to ensure emergency action plans are reviewed and in place [36••] . "Time-Out" is a common term both in sports and medicine. Coaches and athletes call time-outs to gather a team together and discuss game strategies or to call a play. In medicine, doctors take a time-out immediately before every surgery when all operating room participants stop to verify the procedure, patient identity, correct site, and side. This brief review of the emergency action plan and discussion among athletic health care team members beforehand helps to ensure that a coordinated emergency approach is in place.
The care of the athlete with suspected spinal trauma has evolved over the last 50 years. As we see changes in the athletic medicine literature and with EMS protocols, team physicians and ATCs need to be aware of the information and make decisions that are evidence based. These protocols may significantly change the approach to the athlete with suspected spinal cord injury and therefore, the procedures in how we care for the athlete. Going forward, it is imperative to keep up with the evidence based changes and incorporate them in to the Emergency Action Plan written and practiced at each venue where athlete care occurs. Animal studies done by authors (but no human studies) This article does not contain any studies with human subjects performed by any of the authors.
With regard to the authors' research cited in this paper, all institutional and national guidelines for the care and use of laboratory animals were followed.
